ABSTRACT Aim: Paediatric haematopoietic stem cell transplantation (HSCT) is a stressful treatment with an impact on health-related quality of life (HRQoL), and supportive interventions are needed. This study evaluated the effects of music therapy during and after HSCT.
INTRODUCTION
Paediatric haematopoietic stem cell transplantation (HSCT) is increasingly being used to treat haematopoietic malignant and non-malignant diseases (1) . There is an improvement in the overall survival rate, but children still suffer from physical and mental strain due to the considerable amount of medical treatment, complications such as graft versus host disease, infections and the risk of relapses. The child is also isolated for a period of time, due to the intense treatment and risk of infections (2) . This treatment affects the child's entire family, including their family relationships, and the health-related quality of life (HRQoL) of the child and the parents is reduced (3) . During HSCT, the child's anxiety increases as they undergo many procedures, but an improvement in their HRQoL takes place first after four to 12 months (4). The lowest scores for HRQoL are observed one month and three months after HSCT, and it takes one to three years to return to the same level of HRQoL as they had before HSCT (4) (5) (6) .
Haematopoietic stem cell transplantation is a lifethreatening procedure, and post-traumatic stress disorder and post-traumatic stress symptoms have been reported in HSCT survivors (3). Stuber et al. (7) reported that 80% of 
Key notes
Haematopoietic stem cell transplantation is a stressful treatment, where supportive interventions are needed. We provided 29 children aged 0-17 years with music therapy, 14 during their hospital stay and 15 after discharge, to evaluate its impact on their health-related quality of life. The music therapy group had a higher estimated physical function at discharge, and the control group showed improved results after the intervention in all domains.
children showed moderate post-traumatic stress symptoms three months after HSCT.
Children under three years of age are at risk of developing increased cognitive functioning problems at a later stage, due to, among other things, the use of total body irradiation, where the young child's nerve system is more vulnerable (8) .
When a child is exposed to a trauma, all family members are affected. The parents often rate children's HRQoL lower than the children themselves (3, 9) . Previous studies have also defined a relationship between a decreased quality of life for the child and impaired parental emotional functioning (10).
Musical interventions, defined as music medicine or music therapy, are used in medical settings to improve the patient's well-being. Music medicine is the use of specially selected prerecorded or live music and is often managed by a professional other than a music therapist. Music therapy is a relational, interaction-based form of therapy that includes the triad of the music, the child and the music therapist (11, 12) .
Numerous studies have reported the effect of both music therapy and music medicine in paediatric cancer patients and also young adults going through HSCT (13) (14) (15) (16) . However, only one study of music therapy for six children who Assessed for eligibility (n = 71) Excluded (n = 33) Not meeting inclusion criteria (n = 8) Declined to participate (n = 25) Other reasons (n = 0) Analysed (n = 14)
Lost to follow-up at six months (n = 2), one dropout and one died.
Allocated to music therapy intervention (n = 18) Decided to decline participation (n = 1) Received allocated intervention (n = 17)
Lost to follow up at six months (n = 2), one dropout and one died. 
Enrolment
Received allocated intervention (n = 14) Decline to participation (n = 1) Excluded due to medical status (n = 1) Lost to follow-up at discharge, one dropout (n = 1) underwent HSCT has been published, and the authors reported reduced levels of anxiety after the intervention (17) .
A systematic review of 52 trials on music medicine and music therapy, which included six paediatric studies, concluded that music interventions had positive effects on the anxiety, pain, fatigue and HRQoL of adult cancer patients but did not draw any firm conclusions on the effect it had on children (18) . So far, no study has estimated the HRQoL of children undergoing HSCT and receiving music therapy.
The aim of this study was to evaluate both the short-term and long-term impacts of music therapy on the well-being of children going through HSCT. Due to ethical demands, the control group was offered music therapy after discharged, which made it possible to identify the effect of early and late interventions.
Our hypothesis is that music therapy could reduce anxiety, improve mood, support the mental health recovery and influence the rate and degree of physical recovery after allogeneic HSCT.
METHODS

Patients
Between February 2013 and May 2017, children aged 0-18 years who were undergoing HSCT at Karolinska University Hospital in Huddinge, Stockholm, Sweden, were asked to participate in the study. The exclusion criteria were hearing difficulties and language barriers. We contacted 63 patients and their parents, and 38 paediatric patients from two months of age to the age of 17 were initially included. Of the 18 patients in the music therapy group, one patient was excluded because their medical status deteriorated, two patients dropped out, and one child died. In conclusion, 16 children in the music therapy group were analysed at time of discharge having received the intervention in hospital, and 14 children in the music therapy group were analysed at the six-month follow-up (Fig. 1) . The control group consisted initially of 20 patients, but three children dropped out, one patient was excluded because of their medical status, and one patient died. In summary, at the six-month follow-up, the control group consisted of 15 patients who had received the intervention after being discharged from hospital ( Fig. 1) .
Informed consent was obtained from both the children and parents. The children were at time of admission randomised to the music therapy group or control group. Clinical data, Lansky score and transplantation procedures are presented (Table 1) .
Music therapy was offered twice a week over a period of four to six weeks, and each session lasted approximately 45 minutes. The patients were hospitalised until they received HSCT and then they were monitored by an outpatient paediatric ward at the hospital.
The control group received standard medical care and ordinary psychosocial support. After discharge from the inpatient ward, the control group was offered music therapy at the outpatient paediatric ward twice a week for four to six weeks. The primary aim of our study was to compare HRQoL from baseline and after discharge from the inpatient ward.
Due to ethical demands, the control group received music therapy after they left hospital after their HSCT procedure. This enabled us to use a crossover design that included both groups. The music therapy group was measured between baseline and discharge, when they received the intervention, and at six months. The control group received music therapy between discharge and six months, but was measured at baseline, at discharge and at six months.
The Stockholm Ethics Committee at Karolinska University Hospital, Stockholm, Sweden, approved the study.
Protocol
The music therapy sessions took place in the child's hospital room, and the child was invited to sing, play on different musical instruments and listen to music with the music therapist. Parents could participate if the child wished (Appendix S1). This interaction and communication were used to create a relationship between the music therapist and the child (19) . It was essential that the music therapist made the child feel safe and that the sessions were flexible, varied and person-centred (20) . The guidelines for the music therapist were to discover the child's musical preferences and adapt to the child's energy, needs and physical state and enabling the child to be in the present (20) . The setting of the music therapy was required to provide a holding structure to keep the affect level within the child's windows of tolerance (21) and secure a therapeutic space stable enough to help both the child and their parents to stay emotional regulated (22) . When the music therapist was working with children under 18 months of age, the primary focus was on the interaction between the infant and parent and the child's body language showed the child's degree of commitment.
Procedures
Subject to their age, the children and their parents completed a set of questionnaires three times: at admission, at the time of discharge and at six months after the HSCT. The questionnaires were answered in the hospital. The research nurse assisted by reading the questions for the patients, when necessary. The parents answered their questions at the same time.
At each music therapy session start and end in the intervention group, a research nurse documented the mood of the children. At the same occasion, the child estimated his pain; for children under the age of four, the parents valued the pain observing the facial and bodily expression of the child. The children in the control group were recorded twice a week during their corresponding treatment period in the hospital, using the same survey.
Measures
To evaluate the children's HRQoL, we used the Pediatric Quality of Life Inventory 4.0 generic core scales (PedsQL 4.0 generic core scales) and the Pediatric Quality of Life Inventory 3.0 cancer module (PedsQL 3.0 cancer module). These measurements are taken to evaluate HRQoL in children aged two to 18 years of age. Children under the age of two were not included in these questionnaires.
The PedsQL 4.0 generic core scales includes 23 items, divided into physical functioning, emotional functioning, social functioning and school functioning. The PedsQL 3.0 cancer module includes 27 items, divided into pain and hurt, nausea, procedural anxiety, treatment anxiety, worry, cognitive problems, perceived physical appearance and communication.
The children were able to answer the questions themselves from five to 17 years of age, and the parent proxy reports of their child's HRQoL covered two to 17 years of age. Patients aged eight to 17 and parents rated the items on a five-point Likert scale, and children aged five to seven years of age rated the items on a three-point scale. A higher score indicated a better HRQoL.
For children 0-17 years of age, the research nurse documented subjectively mood on a five-point scale: depressed, sad, neutral, positive and happy before and after each music therapy session. For children under the age of four, the Astrid Lindgren Children's Hospital Pain Scale was used (23) . This scale was used in combination with physiological parameters and verbal communication with parents. The children in the music therapy group aged four to 17 completed a self-assessment by visual analogue scale regarding pain before and after each session.
The patients in the control group were documented twice a week during the treatment period with the corresponding survey by the research nurse, and the children completed the self-assessment regarding pain.
Lansky play performance scale was documented by the doctor during the HSCT and demonstrated the child's disease severity from 0 to 100% (Table 1) .
Statistical analyses
To compare the differences between the groups before and after the music therapy, the nonparametric Mann-Whitney U-test was used regarding the PedsQL 4.0 generic core scales and PedsQL 3.0 cancer module.
We also used the paired t-test to calculate the effect sizes within groups.
To examine differences within the same group, the Wilcoxon's signed-rank test was used. We performed Bonferroni's corrections for multiple comparisons within blocks and adjusted the p values.
Finally, the pain and the mode scales were evaluated using linear regression with cluster-robust standard errors (individuals as cluster).
RESULTS
In total, 29 of the 38 participants (76%) who agreed to take part completed the entire study: 14 in the music therapy group and 15 in the control group (Fig. 1) . The mean age of the entire study cohort before exclusions was 6.6 (0.2-17) years, and the median age was five years (Table 1 ). Nine children were under the age of two, two in the music therapy group and seven in the control group. A summary of the PedsQL 4.0 generic core scales and the PedsQL 3.0 cancer module scores at baseline, at discharge and at six months is shown (Tables 2 and 3) .
Regarding the PedsQL 4.0 generic core scales at time of discharge, the total scores for the children in the music therapy group improved in contrast to the control group, whose total score decreased ( Table 2) .
When we used the PedsQL 4.0 generic core scales to examine the four different domains at discharge, the music therapy group had a statistically significant higher physical function level (adjusted p = 0.04) and a non-significant increased school functioning score compared to the control group (Table 2) .
Both groups had decreased mean differences of emotional and social function at discharge (Table 4 ).
In the PedsQL 3.0 cancer module questionnaire, the mean differences in the music therapy group increased compared to the control group at hospital discharge in four of the eight items and these were treatment anxiety, worry, cognitive problems and communication ( Table 5 ). The control group had decreased mean differences in eight items (Table 5) .
At discharge, differences were observed between the parent groups in the PedsQL 4.0 generic core scales, with the parents in the control group reporting improved functioning in three of the four domains (Table 2 ). In the PedsQL 3.0 cancer module scores at discharge, the parents in the music therapy group only reported increased functioning in the worry domain and the parents in the control group reported perceived increased functioning in five of the eight items (Table 3) .
At six months, the control group's total score increased in all domains of the PedsQL 4.0 generic core scales. With regard to the four domains, the main difference between the groups was seen in school functioning (Table 2 ). In the total score of the PedsQL 3.0 cancer module (Table 3) , all items improved in both groups at six months.
There were no significant statistical differences between the two parental groups at six months (Tables 2 and 3 ). The parents from the music therapy group reported increased scoring, indicating a higher HRQoL, in 11/12 items, where the control group's parents reported a decreased in five, of which one was only minimal, from 12 items (Tables 4 and 5) .
At admission and discharge, there were no differences between the groups regarding disease severity based on the Lansky scale (Table 1) .
When measuring the effect sizes, namely Cohen's d, we noticed that many items approximately medium-sized and even the non-significant values were 0.3-0.6 (Tables 4  and 5 ).
When we adjusted for multiple comparisons, the domain of physical functioning in the music therapy group and the increased results in the PedsQL 4.0 generic core scales in the control group after intervention still remained significant. The other results became non-significant. Mean difference and effect size, analysed by paired t-test. The music therapy group (MT) received therapy between admission and discharge. The control group (C) received music therapy between discharge and follow-up at six months. *A higher scoring indicates a better HRQoL. †
The effect size refers to control group as treatment group. The mood in the music therapy group increased significantly after music therapy session (p = 0.000) compared to the control group. The pain decreased in the music therapy group after intervention, but was not statistically significant compared to the control group.
DISCUSSION
In a previous study, we found that heart rate significantly decreased in the music therapy group four to eight hours after intervention compared to the control group, representing reduced stress levels and potentially lowering the risk of post-traumatic stress disorder (p = 0.001) (24) . Emotional regulation can be seen as one intermediate explanatory variable that contributed to the reduced heart rates in the music therapy group, and it was also a central component for mental health. Music experiences, such as listening to familiar preferred music, singing, creating music and improvising, may indicate an impact on emotion regulation and decreasing activity in the amygdala (25) . The amygdala is part of the limbic system, and it regulates our emotions and affects our vital functions, such as heart rate and breathing. One study reported that when listening to music, this evoked a positive mood and could affect the recovery of hormones and cytokines in a positive way after acute stress in healthy adult volunteers (26) .
For this study, we used child self-assessment and parent proxy report questionnaires, including both the PedsQL 4.0 generic core scales and the PedsQL 3.0 cancer module, that are often used in studies in combination with medical parameters for children with cancer. Both these questionnaires have demonstrated reliability (27) . The music therapy group demonstrated significantly better results than the control group in physical functioning and less signs of treatment anxiety and worry at the time of discharge. Interestingly, previous research in this field reported that the child's HRQoL showed the lowest values in physical functioning at one and three months post-HSCT (5, 28) , and anxiety was seen as an important negative factor for survivors of paediatric cancer (29) . As earlier studies have also demonstrated, music interventions can reduce anxiety in both adult and children cancer patients (17, 18) . Even pain may decrease after music intervention (13, 18) , but in this study, there was no significant difference between the groups. In contrary, the children's mood in the music therapy group was estimated to be significantly improved (p = 0.000). Our second aim was to evaluate the effects of the music intervention when the children were treated in the outpatient ward, where the control group received music therapy. Comparing the results between discharge and at the sixmonth follow-up in the control group, all domains in the PedsQL 4.0 generic core scales increased (p = 0.015), as well as all items in the PedsQL 3.0 cancer module. Previous research has reported that HRQoL starts to improve during the first four to 12 months after HSCT (4) and a smaller group of children experienced reduced HRQoL during the entire first year post-HSCT (28) .
At six months, the music therapy group showed improvements in all items and domains except school functioning. Notably, the improvement in physical functioning, signs of less treatment anxiety and worry that the music therapy group reported at discharge remained stable at six months. For children in this vulnerable situation, all effects that point to improved physiological function and reduced anxiety are of great importance, even moderate ones.
Previous research reported poorer HRQoL related to conditions such as graft versus host diseases, HSCT performed with unrelated donor, female gender, HSCT in older children and adolescents (4, 6, 30) . When we compared the two study groups, our study did not explain the differences in HRQoL at discharge as there was no difference between the groups regarding these parameters (Table 1) .
Music may have different effects on the child than on the parents because the relationship between the child and the music therapist is not easily accessible to the parent. Also, what happens within the child in connection with music therapy is their own self-perception. In our study, which analysed the parent proxy reports, the control group parents reported several improvements between baseline and discharge, but the music therapy parents perceived less ability on all issues, except the subject of worry. Similarly, at six months, the parents in the control group reported decreased mean values in several items, in contrast to their children's overall increased estimations. In summary, our study demonstrated inconsistent agreement between the parents' perceptions of their child's HRQoL and the child's self-reported HRQoL, in line with previous research (9) . This is an area for further research.
The Lansky performance scale for the music therapy group decreased after the intervention. This scale was performed by the doctor, and the physical functioning was scored by the child (adjusted p = 0.04). Interestingly, the doctor measured a lower disease severity compared to the children themselves.
The main limitation of our study was the small sample size, which reduced power and made it more difficult to find significant results. Also, the small sample size meant that we could not rely on large-sample assumptions regarding cluster-robust standard errors. Also, the Bonferroni's correction was conservative when tests were positively dependent.
CONCLUSION
This study focused on the HRQoL of children receiving music therapy after HSCT from their own perspective, but also their parents, as well as the Lansky scale scores estimated by the doctors. The combination of reduced heart rate values four to eight hours after the intervention in the music therapy group and the improved HRQoL reported by both groups suggests that music therapy can be an effective, complementary intervention during and after HSCT.
